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Description 

[0001] The present invention relates to the use of 
i3acteria for the manufacture of vaccines. Vaccination 
has been proven through the years to be a very efficient s 
method for the prevention of diseases caused by many 
different bacteria Vacdnes have the advanmge, con- 
trary to e.g. antibiotic or phamnacochemical therapies, 
that they are preventing disease father than curing ft. In 
many fields, e.g. the field of animal husbandry, vaccina- io 
tion is a standard routina Usually, alt animals in a group 
are vaccinated as a precautionary measure, in order to 
prevent disease, whereas rn practice often only a tew 
animals would have become infected if no vaccine had 
been given. This explains why for most commonly used is 
vaccines adverse local reactions due to vaccination are 
not acceptable: it is not acceptable to cause (severe) 
physical stress in many animals to prevent a (mild) dis- 
ease in lew. 

[0002] Nevertheless, for most vaccines, espedalty so 
for the live vaccines that are in most cases preferable to 
inactivated vaccines, there Is a delicate balance 
between a sufficiently strong triggering of the immune 
system on the one hand and acceptable local reactions 
at the site of adrrnnistration of the vaccine on the other 25 
hand. As a rule of thumb, the best live vaccine gives the 
most severe local reactions, and therefore local reac- 
tions are often unavoidable if efficacious protection is 
needed. 

[0003] It is an object of the preserrt invention to pro- 3D 
vide ways to diminish the problem of local reactions of 
live vaccines without further attenuating the live vac- 
cines 

[0C04] It was surprisingly found now tiiat when live 
attenuated bacteria are used for the fxeparation of a 35 
vaccine for administration to submucosai tissue, the 
thus obtained yacdne when applied submucosally gives 
good protection and minor local reactions. 
[0006] This invention is widely applicable in the field 
of manufacture of systemic vaccines. It is not restricted 4o 
to any specific bacterium or a specific disease. Praoti- 
cally all live attenuated bactera that are suitable for the 
manufacture of a live attenuated vaccine for systemic 
application are equally suitable for use in this specific 
invention. Systemic application comprises all appfica- 4S 
tions in which the vacdne is not applied to the mucosa 
(mucosal application comprises \jsl oral and intranasal 
vaccination). Systerr^c application routes comprise i. a. 
intramuscular application (IM), subcutaneous applica- 
tion (SC). intradermal vaccination (ID), intravenous vac- so 
cination (IV) and intraperitoneal vaccination (IP). Of 
these routes^ intramuscufer vaccination is in many 
qasd$ the preferred application route.. This is due to the 
fact that the vaccine, possibly mixed with an acljuvant. is 
only slowly released from the ^e of injection. Thus^ the ss 
immune system ^ cmtinuously triggered for a relatively 
long time with an immunogenic dose of the vacdne. 
Ttiis way of administration ensures an adequate 
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immune response. The disadvantage however is. that 
many bacterial IM administefed vacdnes cause targe 
at>scesses at the site of injection. These abscesses 
may stay there from days to montiis. In those cases in 
which a live attenuated bacterium must behave rela- 
tively virulent in order to tiigger an adequate immune 
response, the bacterium often replicates at the injection 
site to such a level that the at)scess even bursts. Large 
intramuscular or sMn-abscesses are deariy an unac- 
ceptable side-effact of vaccination with bacterial live 
attenuated strains, txit unavoidable if further attenuation 
spoils the immunogenic potential of the bacterium. This 
causes the dilemma mentioned at>ove, for which the 
invention offers a sdution. 

[0006] It is certainly unexpected that such soft and 
vulnerable tissue as submucosal tissue allows the 
administration of (sometimes even fiardly) attenuated 
live t}acterial vacdnes: 

a) without giving the unacceptable abscesses seen 
vnth intradermal or intramuscular application, while 

b) at the same time allowing a suffident immune 
response to be build up. 

This is even more unexpected if the level of damage is 
considered, that many relatively virul&it attenuated 
bacteria cause to their host when given ID or IM. Intra- 
dermal or intramuscular vaccination with such bacteria 
often causes, next to the formation of abscesses, 
severe (esioris at the injection site. TTie tissue around 
tiie injection site often completely ddntegrates, leaving 
large scars. All tiiese disadvantages are hardly or not 
seen with the uses accorcfing to tiie invention. 
[0007] Therefore this embodiment of the invention 
relates to tiie use of live attenuated bacteria for tiie 
manufacture of a vacdne for submucosal administra- 
tion. Mucoisal tissue ts found La. in tiie mouth, the nose, 
the lining of tiie gut. tiie eye^ the vulva and tiie lips. 
[0008] Submucosal application is understood to be 
adminjstration tfvough the upper layer of the mucosa, 
and into the submucosa The submucosa is a weD- 
defined layer. Known as such In the art In principle, 
there is no limit to depth at which vaccination takes 
pface (i.e. the depth of the tip of tiie needle), witii of 
course the proviso tiiat vaccination takes pface In the 
suk>mucosa. In practice however, the vacdne would not 
likely be applied deeper than about 5 millimetres from 
the surface of the mucosa. Generally spoken, snmller 
distances between the mucosa and the injection site 
gives smaller local effects. A very suftable depth would 
be in the submucosa between two and four millimetres 
below the mucosa. 

[0009] Another attractive way of aii^lication is t3y 
using a so-called needle-less injector. The use of these 
irfectors is known from Intradermal appTications. but 
tiiese injectors are equally suitable for submucosal 
applications. Due to the softness of mucosal tissue the 
vaccine, when applied tiirough a needle-less mjector, 
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goes straight through the mucosa and will come to a 
halt in the submucosal tissue. The deptii of the vaccina- 
tion only depends on the power applied during adminis- 
tration. 

[001 0] In principle, all submucosal tissue is suitable 
for submucosal applicatioa In practice however, the 
submucosal tissue of the dps and, In female animals, 
the vulva are very practical sites of administration. 
Especially in horses, dogs and cattle the submucosal 
tissue of tiie lips would be the preferable site of admin- 
istration. 

[DD1 1 ] Therefore, in a prefen^ed form, the live atten- 
uated t>acteria are used for the manufacture of a vac- 
cine for administration in the submucosa of the labiae. 
[0012] As mentioned above, practically all five 
attenuated bacteria that are suital^le for the manufac- 
ture of a live attenuated vaccine for systemic appiicatton 
are suitable for use in this specific invention. There are 
many important pathogenic bacteria for which the use 
according to the invention mecU)s a great improvement 
in safety, where the seventy of local reactions is con- 
cerned. Below, a list of bacteria is presented, all known 
to cause abscess formation and thus severe tissue 
damage and sWn lesions, when administered intramus- 
cularly. And for ali these bacteria tinere is a reciprocal 
relation between the decreased immunogenic potential 
after attenuation on the one hand, and the acceptability 
of local reactions at tiie site of acfaninistration on tiie 
otiier hand. The invention applies e.g. to the use of live 
attenuated bacteria that are attenuated forms of horse 
pathogenic bacteria. 

[0013] The following bacteria are examples of the 
large family of wdl-estabiished horse pathogenic t>acte- 
ria: 

Streptococcus equh the cause of "Strangles''. This 
disease causes abscesses of lymph nodes of head 
and neck and systemic infections. The swelling of 
the lymph nodes causes tiie iiorses to be suffo- 
cated. No refiable vacdne wifiiout adverse local 
reactions is known so far, SWeptococcus 
zooepidemicus, causing respiratory tract Infections 
and pneumonia, opportunistic infections and abor- 
tion In horses, Rtiodococcus equf, causing bron- 
chopneumonia with abscesses and intestinal 
abscesses, CorynebaGterium pseudotuberculosis^ 
causing pectoral abscesses and ulceraitive lym- 
phangitis, Pseudomonas maflei, causing: "Glan- 
ders", a disease characterised by 
pyogranuiomatous inffammations, nodular lesions 
in lung and ulcerative and nodular lesions in skin 
and respsBtory mucosa. Acttnobadttus eqwli, a 
well-known ouse of neonatal death, abortion in 
mares, stillbirth and foal septicaemia and firally 
Pasteurella muitoada, causing respiratory tract 
infections in horses 

Horses have in many cases both a high emotional and 



economical value to their owners, Especially in tiie field 
of thoroughbreds, it would be unacceptable to have 
horses suffering from abscesses after vaccination. 
[0014] Therefore, in a more preferred form of tiie 
5 Invention the use relates to a use where tiie live attenu- 
ated bacterium is an attenuated form of a horse patho- 
genic bacterium. 

[0015] In an even more preferred form, the live 
attenuated bacterium is selected from the group of bac- 

10 teria conprising Streptococcus equi. Streptococcus 
zooepidemicus, Rhodococcus equh Corynebacterium 
pseudotubercuk^is, Pseudomonas maHei, Actinobadh 
tus equHi and Pasteurella muttocida. 
[001 6] In a still even more prefen-ed form, the live 

15 attenuated bacterium is of the species Streptococcus 
equf and/or Streptococcus zooepidemicus. 
[0017] The invention is equally appllcat^le to a live 
attenuated t^acterium that is an attenuated form of a 
bacterium that is pathogenic fbr cattle. The following list 

so gives a number of examples of frequentiy encountered 
pathogens in cattie: 

Actinomyces pyogenes, Stsphyloooccus aureus. 
Streptococcic agafac^ae and Streptococcus 

25 uteris, Noccardia asteroides, Corynebacterium 
iDovis, Mycoplasma bovis, and Mycobacterium 
bovis, all well-established causes of tx>vine masti- 
ff, Escherichia co/i, causing bolh bovine mastitis 
and dian-hoea, Pasteurella haemolytica and R 

so multockfa, botii causing pneumonia and septicae* 
mia, Brucella abortus, causing at>ortion, Salmo- 
nella dublln and S. typhimurium, causing 
diarrftoea, pneumonia and systemic infectiors and 
finally Leptospira hardjo as a cause of urinary tract 

35 infections. 

[0018] The invention also appSes to a live attenu- 
ated fc>acterium tiiat is an attenuated form of a bacterium 
that is pathogenic for {»gs. 
40 [D019] The following list gives a few examples of 
plg-pa0u)genlc t^acterte: 

Streptococcus suis causing polyserositis, Staphylo- 
coccus aureus causing exudative epidenmitis, 

45 Actinobadllus pleuropneumoniae causing pieurop- 
neumoni€U Pasteurella multoclda causing atropliic 
rhinitis and pneumonia, Bordetella bronchisqjiica 
also causing atrophic rhinitis and pneumonia, 
Escherichia coli causing diarrhoea and edema dis- 

50 ease, Clostridium perfringens as a cause of diar- 
rhoea and septicaemia. Salmonella cholerasuis 
also a known cause of diarrhoea, Haenx^lus 
parasuis also known as the cause of "QIassers di&- 
ease". Eryspelothrix ihuskH^thiae causing a dis- 

55 ease known as "Erysipelas". Mycoplasma 
hyopneumonlae cai^ng pneumonia. Serpulina 
hyodysenteriae as a cause of dianhoea and Lept- 
ospira pomorm that gives abortton. 
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[0020] Alsa the inverttion applies to a live attenu- 
ated bacteriumthat is an attenuated form of a bacterium 
that is pathogenic for dogs. 

[0021] Examples of such bacteria are inter alia the 
following bactenai dog pathogens: 

Staphylococcus aureus, pyoderma. Streptococcus 
pneumoniae, septicaemia Borde^Ha 
bronchiseptica, trachebbronch'rtis, Escherichia coli^ 
diarrhoea Leptospira canicofa and 
icterohaemorrhagiae, general and urinary tract 
infections. 

[0022] The manufactured vaccines comprise at 
least an immunogenically effective amount of a live 
attenuated bacterium, Immunogenically effective 
means that tiie amount of live attenuated bacterium 
administered at vaccination is sufficient to induce in the 
host an effective immune response to virulent forms of 
the bacterium. 

[0023] The useful dosage to be administered will 
vary depending of age, weight and mammal to be vacci- 
nated and the type of pathogen against which vaccina- 
tion is sought. The vaccine may comprise any dose of 
bacteria sufficient to evolve an immune response. Doses 
ranging between 10^ and 10^^ bacteria are e.g. very 
suitable doses. 

[0024] In addition to an Immunogenically effective 
amount of the live attenuated bacterium described 
above, the manufactured vacd ne also contains a phar- 
maceutically accQ>table carrier. Such a canier be 
as simple as water, but it may e.g. also comprise culture 
fluid in which the bacteria were cultured. Another suita- 
ble carrier is e.g. a solution of physiological salt concen- 
tration. Other examples of pharmaceutically acceptable 
carriers or diluents useful in the present invention 
ihcfiffiii \^ifei$?s SQch . as SPQA, caulapf^rat^ (ag, 
sorbitol, iriannitoU starch, sucrose, glucose, d6>ctran), 
proteins sucti as albumin or casein, protein containing 
agents such as t>ovlne serum or skimmed milk and buff- 
ers (e.g. phosphate kxiffer). 

[0025] Optionaily. one or more compounds having 
adiuvant activity may be added to the vaccina Adju- 
vants are norvspecific stimulators of the immune sys- 
tem. They enhance the immune re^x>nse of the host to 
the invading pathogen. Exahiples of adjuvants known In 
the art are Freunds Complete and Incomplete adju- 
vants, vctanun E, non-tonic block po^mers, muramyW- 
ipepttdes, iSCOMs (immune stimulating complexes, cf. 
for instance European Patent EP 109942), Saponins, 
mineral oil vegetatJe oil. and Cartjopol (a homopoJy- 
mer). Other suitable adjuvants are for example alumin- 
ium hydrdJddfe. ph6^)hate of o3dde, oil-emul^ons (ag. 
of Bayol F or Marod 52 saporntis or vitarran-E 
soliisOisata 



EXAMPLES 

Example 1 ; 

5 Comparison of safety of intramuscular and submucosal 
administration of iwo different attenuated Streptococcus 
eqty/stralns> 

[0026] In this ecperlment the saf^ and effK^acy of 
10 live S. equi strain TW 928 deletion mutant vaccine and 
of strain TW 928/sls double mutant vaccine in Dlluvac 
Forte® (obtainable through Intervet Int. B.V., P.O.Box 
31, 5830 AA Boxmeer. The Nethertands), both adndnls- 
tered submucosally In the lip^ were tested. A compari- 
is son with the safety of a similar intramuscular 
vaccination has been made. 

[0027] After a 2 weeks acclimatisation period, 5 
horses were vaccinated submucosally in the lip with 
strain TW 928 deletion mutant Vaccination was 6one at 

so 2 spots in the upper 1^ and 2 spots lower Hp. A needle 
was used ^at was provided with a disc of about 1 cen- 
timetre diameter, attached at rigfrt angles to the needle, 
and located at about 2.5 millimetres from the tip of the 
needle. This prevented the tip of the needle to enter the 

25 submucosa for more than about 2 miflimetra 

[0028] A volLone of 200^1 of the vaccine, comprsing 
10^'^ t^acteria was given s& each spot. 
[0029] Three other horses were vacdnated subcu- 
taneously in the same way, but with a double mutant: 

30 strain TW 92a/sls comprising 10^-^ bacteria in Diluvac 
Forte. 

[0030] Three horses were vacdnated IM in the neck 
with comparable doses of the TW 928 deletion mutant 
strain. 

35 [0031] Two horses were left as contrda 

[0032] At 4 weeks after prirning vaccination the vac- 
dnales :werebo<^^ descrbed abos^ same 
amount of t>acteria at sffnifar vaccination sites. At 2 
weeks after booster vaccination, all horses were chal- 

40 leriged jritrafiaisally witii 7.7 x 1 0^ QPU of the challenge 
strain S. equi strain Arnica In a 2 ml volume. After vacci- 
nation the horses were observed for any systemic or 
local reactions and after dialienge, the horses were 
ecamined for clinical signs of strangles or any other 

45 abnornicdity. 

[0033] Horses subjected to Intramuscular vacctna- 
60 Hon In the neck developed large abscesses that 
reached diameters ranging between 1 0 and 30 centime- 
tres within weeks after vaccination. These atsscesses 
were persistent and }<ept growing until they bui^. 
[0034] Horses subjected to submucosal vacdnation 
55 appeared in a good condition and bad a nprmal appetite 
and no signffteant further systemic reactions were 
obsev^. 

[0035] After sutxnuco^al priming and boosting witii 
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the 928 deletion mutant only small and transient local 
reactions were found. Most reactions had disappeared 
at 3 weeks after priming vaccination and at 2 weeks 
after booster vaccination. The same minor local reac- 
tions, but to an even lesser extend, were observed after 
both vacdnations with the 928/sls double mutant. 
[00361 Aft©- challenge, the five horses vaccinated 
subnuicosally with the TW 928 deletion mutant 
appear^ conpletely protected. Complete protection 
was also obtained in the horses vacctnaied intramuscu- 
larly with the TW 928 deletion mutant 
I0037I Therefore it can bie concluded that 

full protection can be obtained with suitable vaccine 
sbains regardless the site of admrtistration; intra- 
muscularly or submucoeatly. 
• hardly any adverse local reactions are found at the 
site of subnrwcosa! administralion, whereas intra- 
muscular administration causes large persistent 
abscesses at the site of administration. 

Example 2s 

Comparison of submucosal and intramuscu lar adminis- 
tration of a strain of tt^e horsa Da thooenic bacterium 
fiirfiptococa js zooeoidemicus. 

[0038] In this experiment the safety of submucosal 
administration of Strep, z. was compared to that of intra- 
muscular adminfetration, especially with respect to 
adverse local reactions. 

[0039] Two horses were vaccinated submucosally 
in the lip with 7X10^ CFU Strep, z. in a total volume of 
0.2 ml Two other horses were vaccinated intramuscu- 
larly in the neck with the same dose, but in a total vol- 
ume of 1 nrd. 

Results: 

[0040] The intramuscularty vaccinated horses 
devetoped large abscesses from the fburth day after 
vaccination, that grew to an average size, at ten days 
after vaccination, of atx>ut 20 centimetres diameter. 
These abscesses were persistent 
[0041] The submucosally vaccinated horses only 
developed minor abscesses witii an average size of 2.5 
centimetres, beginning at day 5 after vaccination. The 
abscesses completely disappeared after sbc days* leav- 
ing no traces behind. 

Example 3: 

Comparison of sutynucosa! and intramu scular adminis» 
tration of a v irulent strain of the bovine pathogenic bac- 
terium Ac^n nrm/CGS ovoaenes. 

0)042] In this experiment the safety of submucosal 
admlrvstralion of A pyogenes was compared to that of 



intramuscular administration, especially with respect to 
adverse local reactions. 

[0043] Two cows were vaccinated submucosally in 
the vulva witii 1.2 X 10''° CFU In a total volume of 02 
5 ml. Two other cows were vaccinated intramuscularly in 
the neck v^th the same dose, but in a total volume of 1 
ml. 

Results: 

10 

[0044] In the submucosally vaccinated animal, 
small abscesses developed after three days, reaching 
an average size of about 3.5 centimetres diameter. 
These abscesses decreased fn size after a f w days. 
IS [0045] In the two cows vaccinated intramuscularly 
in the neck with the same dose, large and more persist- 
ent abscesses developed after three days, reaching a 
diameter of betweenS and 14 centimetres. 

20 Claims 

1 . Use of a live attenuated bacterium for the manufac- 
ture of a vaccine for submucosal administration. 

25 Z Use according to daim 1. characterised in that the 
vaccine is for administration in the submucosa of 
the labiae. 

3. Use according to dimm 1 or 2, characterised in that 
30 the live attenuated bacterium is an attenuated form 
of a horse pathogenic bacterium. 

4- Use according to claim S.dwacterised in that the 
live attenuated bacterium is selected from tiie 
35 group of bacteria comprising Streptococcus equi. 
Streptococcic zooep'demicus, Rhodocoocus equi, 
Corynetjacten'um pseudotuberculosis, Pseu- 
domonas mallei, Actinobacillus equiti and Pas- 
teure/la muttockia. 

40 

5. Use according to claim 4, characterised In that the 
live attenuated bacterium is of the species Strepto- 
coccus equi andA>r Streptococcus zooepidemlcus. 

45 
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